Abstract: This work is intended to explore the opportunities of utilization of the neural network method to solve the tasks of developing the algorithms for operation and formation of a navigational system being part of an airborne gravimetrical system.
Introduction
Information about gravity field of the Earth and about the gravity disturbances ∆g is essential for the aerospace industry in order to make corrections to the inertial navigation systems (INS) ; for geology and for geophysics -to explore mineral deposits (which is especially important for Ukraine in the context of exploration of gas, oil, gold, and other mineral resources); for mapmaking -to measure the Earth shape, and for some other industries. For various gravity disturbances exploration it is expedient to utilize an airborne gravimetrical system (AGS) with an INS as the core element of such a system. The accuracy in the calculation of the INS parameters of the movements of a mobile object carrying an AGS shall in turn essentially influence the accuracy of the ∆g calculations (Bezvesilna, 2007) .
Status of the problem being solved
Nowadays we have practically reached the limit of the opportunities to increase the accuracy of the present-day INS based on the well-known algorithms of operation. However, the available scientific literature (Bezvesilna et al., 2010; Bezvesilna, 2012) has practically ignored the utilization of the neural network method to solve the tasks of developing the algorithms for operation and formation of a navigational system being part of an airborne gravimetrical system whereby the application of such a method would lead to an increased accuracy of the AGS.
Purpose of the work This work is intended to explore the opportunities of utilization of the neural network method to solve the tasks of developing the algorithms for operation and formation of a navigational system being part of an airborne gravimetrical system.
Method
The task of ensuring a system for control and provision of high-precision navigational information under the complexly dynamic circumstances is related to a number of problems arising in the course of development of new ones and improvement of the existing operational INS.
Those problems include the following: -The development of high-precision INS, which take into account the inciting factors that become activated under the complexly dynamic circumstances of the mobile objects operation. For the most frequently utilized linear systems, this would mean an increase in their sizes up to several dozens of elements; -The development of stable algorithms to assess the errors in high-grade INS; -The adaptation of the INS models to changing circumstances. This work shows an approach to the creation of INS with the utilization of the approximation opportunities of neural networks. Neural structures are utilized both for the presentation of INS error model and for the complete operation of the INS algorithm, which also comprises an algorithm for the compensation of instrumental errors in the sensory elements (SE) like gyroscopes, gravimeters, and accelerometers. Such an approach is especially important for an AGS serving as the orientation and navigation complex comprising an INS built on the basis of accelerometers and gyroscopes.
Let us now examine a complex system comprised of an INS and a receiving unit (receiver) of a satellite navigation system (SNS). As a rule, the INS is a core for such a complex system while the SNS receiver serves as a corrector used for assessment and compensation of the INS errors. Within the structure of the overall algorithm of the INS, we shall single out the definitions for navigation parameters (the navigational algorithm) and the definitions for orientation parameters (the orientational algorithm). Now let us examine the options of utilizing neural networks for the purposes of approximation in the nonlinear equations for determining the INS navigational coordinates. Fig. 1 and Fig.2 show two diagrams for utilization and modeling of the neural system operation intended for the approximation in the course of determination of INS coordinates 
Results
The first of the two diagrams describes the ideal operation algorithm for the INS while the other shows the functional algorithm, which takes into account the signals compensating the impact of the INS errors to its initial navigational parameters.
The general structure of interaction of the INS algorithms is shown in Fig. 3 below.
Fig. 3. Functional diagram of interaction of the INS algorithms, where ∆ stands for the orientation quaternion
In the first case (Fig. 1) , the neural network approximates the transition matrix that corresponds to the inertial navigation equations.
The neural network operation in the adjustment mode shall occur as follows. The input of the neural network receives the vectors comprised of the navigational coordinates X k , and Y k and of the orientational parameters and measurements from accelerometers n k and gyroscopes k ω with no regard to the measurement errors (the ideal values of the projections of the imaginary acceleration and absolute angular rate) as for the moment of time t. The output of the neural network (the navigational parameters) is compared to the precise solution for the INS movement equations for the moment of time t+∆t. The neural network training algorithm adjusts its parameters in a way to minimize the discrepancy ∆X k , ∆Y k between the neural network output and the precise value specified in the relevant grid created by the possible values of navigational coordinates and measured parameters. In the main operation mode, the neural network input receives the navigational parameters and measurement signals while the output receives the navigational and orientational parameters for the following moment of time. In such a way, the neural network approximates the ideal operation algorithm for the INS.
In the second case (Fig. 2) , during the neural network training, its input receives the vectors formed not from the ideal parametric values, but from the measured values
that comprise measurement errors. The neural network output shall be adjusted to the ideal parametric values of navigation and orientation. In this case, the neural network parameters shall make allowance for the measurement errors. This pattern can be used in the AGS to predict the navigational parameters during the periods of time when the SNS signal disappears. In this case, the neural network adjustment process would flow continuously as long as the SNS provides the correct coordinates and velocity
Discussion
We have studied the opportunity of utilization of neural networks to solve the tasks of developing the algorithms for operation and formation of a navigational system being part of an airborne gravimetrical system.
We have discovered that the operation of a complex AGS with neural networks is possible in three modes. During the preparatory stage, the neural network with specified accuracy is adjusted to the gyroscope and accelerometer measurements that contain instrumental errors. While in motion, the neural network remains in its main operation mode when its input receives the actual measurements from gyroscopes and accelerometers and when its output receives a signal close to the ideal value after it runs through the neural network, provided the instrumental errors in the inertial sensory elements (ISE) are close to those used for the neural network adjustment. In the course of these steps, the neural network emulates the INS operational algorithm with regard to the compensation of the continuous instrumental errors in the inertial sensory elements.
While in motion when the signal from the SNS receiver is available, 
